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PROSTAGLANDIN DER,VAT,VESDEVOIDOFS.DE.EPTBCTS FOR THE 
TREATMENTOF GLAUCOMA afOKTHE 

l^ei„ve„,i„„is,e,a.ed,„a.e,h„d Of ,„a,i„,g,a„co™.„d ocular ^„o„ 
ut,.„gp,„s.ag,a„di„a„a,o,„esordcriva,iv«U,a,a:,.evo,d„,.o.t3ve,^^ 

n,=,a..oge„iccffec,i„U«oye.Th.i„ve„„o„a,s„.,a.«,ooph,h.,„..co™p„si.io„. 
c„„».,„,p^,agu„.i„oo™pou„da devoid „,o,,ave„^^^^^ 

Gla„co,„a is an eye disorder characerized by increased i„,ra«ular pressure 
excavation onhcopuc nerve head, and Braduan„ss„„.cvisua, field. An a'b„„n„a„y 
h,gh ,„,raocular pressure is commonly k„„„n,„ be de.H™en,a>,o,he eye. and .here 
are dear indications ,ha, in glaucom„hei„„ac.ular pressure. d,e.«i.p„ru„, 
factor causrng dcgenerarive changes in .he reUna and .he op.ic nerve head. The exac, 

pa*ophys,ologicaln,cch.is™ Of open angle glaucoma is.ho„ever.s.„l unknown 

Unless .reated, glaucoma n,ay lead .0 blindness, .hecourseofhe disease .ypica,,,' 
being slow wi.h progressive loss of vision. 

The in.n,oc„lar pressure (lOP) can be defined according ,o ,he formula (1): 
(I) IOP = Pe+(F.-Fu)xR 

wherePeis,heepisc,era,venousprcssure.F..hefo™a,ionofa,ucoushunor.Fud. 
pan of .he aqueous humor which e,i.s .he eye U,ro„gh U,e uveoscleral ou.fl„w 
pa.hway. and R is .he resis.ance ,n .he .rabecolar ou,„ow pa«,way. The a,ueous 
humor in .he amerior and pos.erior chamber of .he eye is produced by ,he ciliary 
processes behi™, *e iris. I.U,en n„ws .hrough *ep„pi, i„,o ,he an.erior chamt«r 

andno™al,yexi.s,he eye trough .he Uabecularmesh„orl.andSch,emm.scana,"i„,o 
tf.e cp,sclera, veins ou.ide d,e eye globe. However, pan of .he a,„eo„s humor may 
leave .he eye through .he uveoscleral outflow route, ^e flow in this route is reg Jed 
as only minimally influenced by the intraocular pressure (Bill I975) 
The intraocular pressure ,n humans is normally in the range of 12-22 mmHg At 
h,gher pressures, e.g. above 22 mmHg. there is an increased risk that the eye may be 
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damaged. In one particular form of glaucoma, normal tension glaucoma, damage may. 
however, occur at intraocular pressure levels that are within the normal physiological 
range The opposite situation is also known, i.e. some individuals may exhibit an 
abnormally high intraocular pressure without any manifest defects in the visual Held 
or the optic nerve head. Such conditions usually are referred to as ocular hypertension. 

Glaucoma treatment can be given by means of drugs, laser or surgery. In drug 
treatment the purpose is to reduce either the formation of aqueous humor (Ft), or the 
resistance to outflow of aqueous humor (R), which according to formula (1) above 
..ill result in reduced intraocular pressure; alternatively to increase the outflow of 
aqueous humor through the uveoscleral route which according to formula (1) also 
reduces the intraocular pressure. 

Prostaglandins and typically PGF,„, its esters and analogues, reduce the intraocular 
pressure mainly by increasing the uveoscleral outflow of aqueous humor (Crawford 
and Kaufman, 1987; Nilsson et al., 1989; Toris et al., 1993; Stjemschantz et al., 
1995) The use of prostaglandins and their derivatives is described in several patents 
and patent applications, for instance in US 4,599,353 (Bito), US 4,952,581 (Bito), 
WO89/03384 (Resul and Stjemschantz). EP 170258 (Cooper). EP 253094 (Goh). and 
in EP 308135 (Ueno). 

Prostaglandins are fatty acids usually derived from the precursors eicosatrienoic. 
eicosatetraenoic and eicosapentaneoic acid through metabolic steps involving 
oxygenation. Naturally occurring prostaglandins typically have the general structure 
shown in Fig. 1. 

COOH 



OH 



Fig. 1 
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The prostaglandins accordingly carry a cyclopentane ring to which two carbon chains 
link, the upper chain usually being called the alpha chain and the lower chain usually 
being called the omega chain. The prostaglandins are classified in subgroups A, B, C, 
D, E, F, G, H, I and J depending on the structure and substituents in the cyclopentane 
ring as shown in Fig. 2. 




Fig. 2 



The alpha chain is a 7 carbon carboxy-terminated aliphatic chain whereas the omega 
chain is an 8 carbon methyl-terminated aliphatic chain. Depending on the number of 
double bonds in these chains subscripts of 1 to 3 are given. In prostaglandins with 
subscript 1, e.g. PGFict. the double bond is situated between carbons 13 and 14 in the 
omega chain, and it exhibits trans configuration in naturally occurring prostaglandins. 
In prostaglandins with subscript 2, e.g. PGFja. an additional double bond in the cis 
configuration is situated between carbons 5 and 6 in the alpha chain, and finally in 
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prostaglandins with subscript 3, a third double bond is situated between carbons 17 
and 18 in the omega chain. This double bond also exhibits cis configuration in 
naturally occurring prostaglandins. All naturally occurring prostaglandins carry a 
hydroxyl group on carbon 15, which is essential for biological activity. 

The receptor system for the naturally occurring prostaglandins has only recently been 
elucidated. Thus most of the prostaglandin receptors have been pharmacologically 
characterized and their molecular structure identified by molecular biological 
techniques (Coleman et al., 1994). There are specific receptors for the naturally 
occurring prostaglandins. The receptors for PGD, PGE, PGF, PGI2 (prostacyclin) and 
TxAa (thromboxane) being abbreviated DP, EP. FP, IP, and TP, respectively. 
Furthermore it has been shown that the EP receptor can be subdivided into four 
receptors, namely the EP|, EP2. EP3, and EP4 receptors. Specific tissues or cells may 
express only a few or many of these receptors, depending on the evolutionary 
development of this autacoid system in different species. Thus for instance it has been 
shown that the cat iris sphincter muscle expresses predominantly FP receptors that are 
functionally coupled and mediate constriction of the pupil, while the corresponding 
smooth muscle of the bovine eye expresses EPi and TP receptors, activation of either 
of which will result in contraction of the muscle. A compound which binds to a 
specific receptor and activates it is called an agonist while a compound that only binds 
to a receptor without activating it is called an antagonist. 

With respect to the practical usefulness of many of the prostaglandins and their 
derivatives as suitable drugs for treatment of glaucoma or ocular hypertension, a 
limiting factor may be their property of causing increased pigmentation of the iris in 
the eye (Stjemschantz and Aim, 1996). Thus, the colour of the iris during chronic 
treatment in monkeys and in man tends to become darker, turning into brown. While 
this apparently has no negative medical consequences, it is a clear disadvantage from 
a cosmetic point of view, particularly in patients undergoing treatment only in one 
eye. It would thus be desirable to identify prostaglandins which effectively reduce the 
intraocular pressure without causing the side-effect of increased iridial pigmentation. 
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We have now unexpectedly found that prostaglandin derivatives and analogues which 
are selective agonists for the EP. subgroup of prostanoid receptors fulfil the criteria 
for a prostaglandin analogue which effectively reduces the intraocular pressure 
without causing increased production of pigment (melanogenesis) in the iris The 
background of this finding is that in a study to identify the prostanoid receptor 
subtypes in the human iridiai melanocytes we have found that these cells express in 
their cell membranes the FP, EP. and EP, receptors, but not the EP, and TP receptors 
Furthermore, we have investigated the intraocular pressure reducing effect of several 
relatively selective EP, agonists and found that these prostaglandin analogues 
effectively and potently reduce the intraocular pressure both in cats and monkeys. 

Therefore, it is now apparent that, by using selective EP, receptor agonists, the 
intraocular pressure can be reduced in primates, and thus also in man. without 
increased, or with significantly reduced melanogenesis as side-effect, since the 
melanin producing cells, the melanocytes, lack the specific receptor necessao^ for the 
transmembranesignalling into the cell. While we at present have no clinical evidence 
that such selective EP, agonists do not cause increased pigmentation of the iris since 
the induction time for this phenomenon to occur often is 6-12 months, and thus 
extremely long and costly experiments have to be carried out in primates we can 
nevertheless conclude from relevant in .itro studies that such increased pigmentation 
would not occur in the absence of the specific signalling receptor in the cell 
membrane of the melanocytes. 

Accordingly, high selectivity or specificity to the EP. receptor compared to other 
prostaglandin receptors in the eye characterizes the compounds to be used in the 
method or compositions according to the present invention. It need not to be said that 
the more selective the compound is for the EP, receptor, the better results are obtained 
but a certain advantage is of course achieved also in cases of some interaction with 
other receptors. High selectivity in this connection means that the effect on the EP, 
receptor is a least more than 5 times, especially more than 10 times, and in particular 
more than 100 or 1000 times the effect on the other prostaglandin receptors 



Copied from ()9{)2ti(>f)f) on ()7/2{)/2()<)7 



wo 99/02165 



6 



PCT/SE98/01368 



The specific prostaglandin analogues that we have used for exemplifying and proving 
this invention were PGF.p (1), PGF.p isopropyl ester (2), 17-phenyM8.19.20-trinor- 
PGE2 (3) 17-phenyl-18,19.20-trinor-PGE2 isopropyl ester (4). 15(R,S)-16,16- 
trimethyl'ene-PGE. (5), 15(R,S)-16.16-trin,ethylene-PGE. methyl ester (6). and 13,14- 
dihydro.l7-(3.fluorophenyl)-18, 19, 20 Irinor-PGE^isopropyl ester (7). All these 
analogues are relatively selective EP. receptor agonists. The receptor profiles of the 
test compounds are presented in Table I. 

Table I. Receptor profile of prostaglandin analogues tested (EC-50 values expressed 
as moles/1 in functional receptor assays). ^ 
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m one aspect, the invention relates to the use of selective prostaglandin EP, receptor 
agonists devoid of melanogenic effect for the treatment of glaucoma or ocular 
hypertension. The method for treating glaucoma or ocular hypertension comprises 
contacting the surface of the eye with an effective intraocular pressure reducing 
amount of a composition, containing an EP, selective prostaglandin as aforesaid, in 
order to reduce the intraocular pressure and to maintain said pressure at a reduced 
level The composition usually contains about 0.1-100 ^ig, especially 1-30 ^Ig per 

application of the active substance. The composition is applied topically on the eye 1 

3 times daily. 
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The prostaglandin derivative is mixed with an ophthalmologically compatible vehicle 
known per se. The vehicle which may be employed for preparing compositions of this 
mvention comprises aqueous solutions, e.g. physiological saline, oil solutions, or 
ointments. The vehicle may furthemiore contain ophthalmologically compatible 
preservatives such as e.g. benzalkonium chloride, surfactants, such as polysorbate 80 
liposomes or polymers, for example methyl cellulose, polyvinyl alcohol, polyvinyl 
pyrrolidone and hyaluronic acid; these may be used for increasing the viscosity. 
Furthermore it is also possible to use soluble or insoluble drug inserts. 

In another aspect, the invention relates to ophthalmological compositions for medical 
treatment of glaucoma or ocular hypertension which comprise an effective intraocular 
pressure reducing amount of a prostaglandin analogue which is a selective agonist of 
EP, receptors as defined above and an ophthalmologically compatible carrier. The 
effective amount usually comprises a dose of about 0.1-100 ng in about 10-50 m of 
the composition. The compositions according to the present invention are clear 
improvements over the prior art prostaglandin compositions due to the selectivity of 
the active compound for EPl receptors compared to other prostaglandin receptors 
with the risk for pigmentation eliminated or at least substantially reduced. 

In still another aspect, the invention relates to the use of the prostaglandin analogue 
for the preparation of a medicament for treatment of glaucoma and ocular 
hypertension. 

Preferably, the prostaglandin analogue is derived from PGF or PGE type 
prostaglandins. Particularly, the prostaglandin analogue is a compound of the general 
formula: 
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wherein 



;Lavy bonds rep.se„..hea<.Pco„f„.a«o„.a„d.hea..ea bona. 

.JayLc,c,oa,K,Ua^U^.a.,..p.fe.b,ya,,-C3.aM.or™,; 

^ tsa — 0,— aa.vU-pHa- 

' a bv be— seUcua fto. o.,.en, ana „U,o,e„, ,oa.^^^^ 

;:::,c:.,c,c,„a«,c,— ..p*^^^^ 

heteroaryl; 

«;br;:b^".-M.e.b,.™-,o,oco..,— 

„„„„o.b,a„cbeacb.nsa..,eao,™sa,u«,.aa,ky,group.pref=»b„C,oa.ky. 

„v C . aW or a cyCoalkyl. preferably C. cyCcW. or ary, g,o.p, 
"";:r!;orbr:cbeaeba,asa™^^^^^ 

, rabW having 3-S carbon «. especially 3-5 carbon aroms. opnonally 
' ab lorrnorebe— sel^^^^ 

rCloPrionallybcings..^^^^^ 

aM byaro.yanacarb„nyU.onps,byaroxya„acarbony,preleren„aUybe, g 

to cLn ,3 of .be pros.ag,a„a,n s^rore, a„a saia alky, groap opuon» y 
::lacyc,oa,M.P-rablyC..cyc,oaM,a.Urber^^^^ 
^,bemono.ori„aepenaen,ly— i-snbs.i,„.eaw,*C,.= alUy.,C,.,atay, 

hydroxy, nitro, trifluoromethyl or halogen; 

pharmacentically acceptable saU or esler .hereof. 

Aryl is preferably sute.i.u.ea or umubs.i.u.ed phenyl. 



Copied from ()9(i2fi()99 on ()7/2(!/2(M)7 



PCT/SE98/01368 



y. yaroxy. n.tro. tnfluoromethyl or halogen. 



The pros,.g,a„din. „,.y be i„ epi™rtc n,i,,„„s a, we,, a. in ,h. f , 
radividu., epime,,. " ""^ °f "h' 

''-----°'-^".-.„™,,„,„,,,^. 

S,^,nepH™e„.e„de.,„JJ™~'™--.^ 

p..e..ed,„.e...a.p..„.e<.,„Xa,;^;:;;!C 

n>RNA isolated from human iridia, mejanocve, ' " °" 

-edrorp,epa,i.,mRNA.TheRT-^2:'"™ 

Of e,pee,ed.,..e„c,oned a. .,1::;::;'^^:°" 

for.mi,a.,,oeaehp.o.a.a„di„ip::.:;:::r"'-"- 

itehods. Human iridia, melanocytes weie i^l., H . 
(.993,a„d„s.di„ear,ypa,sa Jc ,r 

*e mRNA enrichmen. """" '° -"veMed for 

n*NAwasiso,a,edusingDyna,sm,^ADi,ec,Sys,em(Dy„a,A« No > 
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. th the oU.o-dT as a reverse transcriptase primer. The second strand 
iheDynabeadswiththeohgo-dias ^ .e.nective prostaglandin 

J • oi^nnwii-^' seauencepnmer from respective prusiag 
cDNA is synthesized usmg a known 3 sequ p ^ . -^^^^^s was used for 

,or resulting in double stranded cDNA. The same set of Dynabcads 
.eceptor.re^un^^^^ 

:rC^r;-Psand.pmolesofeachprimer.Po^ 
rwlA.pHWaxpenets(Per.nBlmer,USA)wasusedina 
.ith 5% DMSO, 200 dNTPs and 20 pmoles of each pnmer. 



^ablejl Prostaglandin receptor specific primers. 



.cACAACCrGCCAGACGGAAAAGandCCAGTCrrr 
Primary primers; CAC AAC 

°^"'^"""°:°„,,TCrTCATGACACTGGO.„,.TTGTAGAAA 
Secondary primers; CAG TAA 1 

CAC CAG GTCC TGG . ^ 

r:^p.^..-CAOCOAGOXAGAOCrC,.GOCACG.GG.CC 



TTC ATC G 
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EP2 primers: 

primary primers; CAA CCA TGC CTA TIT CTA CAG C and TCP CGC TCC AAA 
CTTGGCTG 

secondary primers; CTA CGT GGA CAA GCG ATT GGC and TGG TTG ACG 
AAC ACT CGC AC 



EP3 primers: 

primary primers; GGG ATC CAA GAT CTG GTT CAG and GCC TTC CCG ATC 
ACCATGCTG 

secondary primers; CGC AAG AAG TCG TTC CTG CTG and CAC CAA GTC 
CCG GGC CAC TG 



TP primers: 

primary primers; CTG GTG ACC GGT ACC ATC GTG GTG T and GTA GAT CTA 
CTG CAG CCC GGA GCG C 

secondary primers; TCG CTA CAC CGT GCA ATA CC and GGC TGG AGG GAC 
AGCGAC 



The PGR mix from these reactions was analyzed on a 1% LMP agarose gel (BioRad 
Laboratories. USA). DNA fragments of the expected size were TA-cloned using a 
TA-cloning kit according to the manufacturer's instructions (Invitrogen Inc., USA), 
and sequenced on an Applied Biosystem Model 373A DNA sequencing system 
(Applied Biosystems Inc., USA) according to Applied Biosystems' protocol for their 
Taq Dye Dioxy Terminator cycle sequencing kit. The generated primary data were 
processed on a VAX computer using the sequence analysis programs from Genetics 
Computer Group Inc.. Madison. USA (Devereux, J., et al.. Nucleic Acids Research 12 
(1): 387-395(1984). 

Eesults: In human iridial melanocytes based on our RT-PCR we could show an 
expression of FP. EP^ and EP3 receptors. However, we were not able to show the 
presence of the EP, and TP receptors (Table ID). As positive controls we amplified 
the expected EP, and TP fragments with the same primers from a human kidney 
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cDNA library. We enriched poly A mRNA from human iridial melanocytes isolated at 
two different times and performed the PGR reactions several times with identical 
result. 



Table nL RT-PCR (secondary PGR primers) of human iridial melanocyte mRNA 
using prostaglandin receptor specific primers (see Table II). 



FP 

EP, 

EP2 

EP3 

TP 



Gorrect fragment size (bp) 
Observed Expected 



489 
397 
501 
372 
484 



Sequence analysis 



Identity with FP 



Identity with EP2 
Identity with EP3 



cvMTt^F.STS OF PPO^^TAniANDTN DERIVATIVES 

The structures of the end compounds prepared in the Examples are shown in Scheme 
1 provided at the end of the description. 

ExamEle-i- PGFjpCcompound 1) 

The title compound was purchased from Gayman Chemicals Gompany. Ann Arbor 
Michigan, USA. 



ExamEle.2: PGFzp isopropyl ester (compound 2) 

DBU ( 1 63.5 mg, 1 .01 mmol) was added to a stirred solution of PGFzp (Gayman 
Ghemicals) (60 mg, 0.1 69 mmol) in acetone (20 ml) at 0 °G. The mixture was allowed 
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to warm to room temperature, when isopropyl iodide (222.6 mg, 1.34 mmol) was 
added dropwise. After 48 h (TLC monitoring), the mixture was diluted with ethyl 
acetate (40 ml), washed with brine (30 ml), citric acid 3% (2x40 ml) and sodium 
hydrogen carbonate 5% (2x30 ml) and dried over anhydrous sodium sulfate. The 
solvent was removed in vacuo and the residue was chromatographed on silica gel 
using ethyl acetate : acetone 3:1 as eluent. This afforded a colorless oil. yield 46 mg 
(68%). 'H NMR (CDCI3) d 1.3 (d. 6H). 1.6-1.7 (dm. 4H). 2.0-2.2 (dm. 6H), 2.3 (t, 
2H), 4.04.1 (m. 3H). 5.0 (sept, IH). 5.5 (m. 2H), 5.6 (m. 2H). '^C NMR (CDCl3)'d 
135.9. 132.2, 130.5. 128.0. 75.3. 74.8. 72.85, 67.6. 56.23. 52.25. 51.59. 42.32. 37.35, 
33.44. 31.74. 29.14. 26.66, 24.79, 22.6, 21.8, 14.03. 

Example 3: 17-Phenyl-18.19,20-trinor-PGE2 (compound 3) 

The title compound was purchased from Cayman Chemicals Company, Ann Arbor 

Michigan, USA. * 

Exam2!e4: 1 7-Phenyl- 18.1 9.20-tnnor-PGE2 isopropyl ester (compound 4) 
DBU (43.5 mg. 0.29 mmol) in acetonilrile (1 ml) was added dropwise to a stirred 
solution of compound 3 (22.1 mg, 0.057 mmol) in acetonitrile (3 ml) at 0 °C. The 
mixture was allowed to warm to room temperature whereupon isopropyl iodide 
(78.0 mg, 0.46 mmol) in acetonitrile (2 ml) was added dropwise. After being 
stirred for 12 h (TLC monitoring), the reaction mixture was quenched with water 
(8 ml), the mixture was extracted with ethyl acetate (2x50ml). and the extract was 
washed with brine (10 ml), citric acid 3% (10 ml), and finally sodium hydrogen 
carbonate 5% (10 ml). After drying with anhydrous sodium sulfate, the solvent 
was removed in vacuo and the residual oil was chromatographed on silica gel 
using ethyl acetate as eluent. This afforded 230 mg of the product (69%) of the 
title compound as a colorless oil; /?^= 0.516 (ethyl acetate : acetone : HOAc 
1:1:0.02); 'H NMR (CDCI3) d 0.89 (m. 3H). 1.3 (d. 6H). 2.6-2.8 (m, 2H). 4.1 (m. 
2H), 5.0 (m. IH). 5.3-5.7 (dm. 4H), 7.2 (m, 5H). '^c NMR (CDCls) d 10.9. 13.9. 
21.8. 22.9, 23.8, 24.49. 24.8, 25.17, 25.6, 26.68, 28.93, 30.45, 31.77. 33.90. 34.01 ' 
34.07. 38.8. 46.22. 53.3, 54.48, 66.83, 67.62, 68.18, 71.77. 72.21, 76.35. 77.00. 77.2. 
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77.64, 125.93. 126.46. 128.39. 128.44. 128.79, 130.63, 130.81, 131.04, 137.79, 
213.88. 

ExamEleS: 15RS-16,16-trimethylene-PGE2 (compound 5) 
To a stirred solution of 15RS-16,16-trimethylene-PGE2 methyl ester (52 mg, 0.13 
mmol) in acetone (0.4 ml) and phosphate buffer pH 7 (4 ml) was added lipase VH (40 
mg). The mixture was stirred at room temperature for 24 h (TLC monitoring). The 
mixture was quenched with ethanol (3 ml) and extracted with ethyl acetate (2x 10 ml). 
The organic layer was washed with brine, dried (sodium sulfate), and concentrated in 
vacuo furnishing 46 mg of the product as an oil. 

ExamElei: 1 5RS- 16,1 6-trimethy lene-PGEz methyl ester (compound 6) 

The synthesis of 15RS-16,16-trimehyleneprostaglandin E2 (Skotnicki. S. et al. 1977) 
is schematically shown in Scheme 2. Bold figures in the following refer to respective 
structures in Scheme 2. 

pthyl 9, 7-trimethvHe np.hexanoate (9) 

To a stirred solution of N-isopropylcyclohexylamine (56.2 g. 398 mmol) in THF (400 
ml) at -78 °C was added rapidly n-BuLi (159 ml, 398 mmol of 2.5 M in hexanc). To 
the resuUing solution was added dropwise ethyl cyclobutanecarboxylate (8) (50 g, 390 
mmol) and stirred for 30 min. then warmed to 0 °C and dropped into a solution of n- 
butyl iodide (159 ml, 398 mmol of 2.5 mol in hexane) in DMSO (200 ml). The 
reaction mixture was stirred for 1 h at room temperature (TLC monitoring). The salt 
was removed by filtration and the filtrate was concentrated in vacuum. The residue 
was dissolved in hexane and washed with HCl 2%, brine and water, then dried over 
sodium sulfate, and evaporated in vacuo. The residual oil was distilled (49-56 »C, 1 
mmHg) to give 26.5 g (37%) of the product. 

IH NMR (CDCI3) d 0.9 (t, 3H), 1 .2 (t, 3H), 1 .8-2.0 (dm, 5H), 2.2-2.5 (m. 3H), 4.2 
(m, 2H). 

o o-Trimethvleneh f-xan-l-oKlO) 
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To a stirred solution of ethyl 2.2-trimelhylenehexanoate (9) (26.5 g, 144mmol) in dry 
toluene (100 ml) was added dropwise DIBAL-H (206 ml. 289 mmol of 1 .4 mol in 
toluene) at 0 °C. The resulting solution was stirred at room temperature for 3 h (TLC 
monitoring), and then poured into iced HCl 5%. The organic layer was separated and 
washed with HCl 5%, brine, dried, filtered and concentrated to give 30 g of the 
product as an oil. 1h NMR (CDCI3) d 0.9 (t, 3H), 1.8-2.0(dm, 5H). 2.5 (m, IH). 3.0 
(m, IH), 3.6 (m, 2H). 



2.2-Trimethvlenehexaldehvde (11) 

To a solution of 2,2-trimethylenehexan-l-ol (10) (30 g. 210 mmol). in DME (400 ml), 
was added dicyclohexanecarbodiimide (DCC) (130 g, 630 mmol), DMSO (120 ml) 
and orthophosphoric acid (10.3 g). The mixture was stirred at room temperature for 3 
h (TLC monitoring), and filtered. The filtrate was diluted with dichloromethane (300 
ml), and washed with water. The organic layer was separated. The residue was 
removed by filtration. The filtrate was washed with brine (100 ml), dried and 
concentrated in vacuum. The residue was purified by column chromatography on 
silica gel using hexane as eluent to give the title product (17.3 g) as an oil. 
iH NMR (CDCI3) d 0.9 (t, 3H). 1.2 (t. 3H).1.8-2.0 (dm. 5H). 8.8 (s, IH). 

4.4-Trimethvlene- 1 -octvn-3-ol (12'\ 

To a solution of lithium acetylide-ethylenediamine complex (12.2 g, 132 mmol) in 
DMSO (10 ml) was added a solution of 2.2-trimethylenehexaidehyde (11) (17 g, 120 
mmol) in DMSO (20 ml) at 0 °C under Nj. The mixture was stirred at room 
temperature for 24 h (TLC monitoring) and then poured into an ice-cold HCl 2% (50 
ml) and ether (50 ml). The organic layer was separated and the aqueous layer was 
extracted with ether (50 ml), the combined organic phases were washed with brine , 
dried, filtered and concentrated in vacuo. The residue was chromatographed on silica 
gel using hexane : ethyl acetate 5: 1 as eluent. which gave 12 (7.6 g. 38%) as an oil. 



E-TributYltin-4.4-trimethvlene-l-octene-3-nl ( 1.1) 
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A mixture of 4,4-triinethylene- 1 -octyn-3-ol (12) (5.0 g, 30 mmol), tributyltin hydride 
(14.6 ml, 54.2 mmol), and AIBN (30 mg) was stirred at 130 °C for 24 h (TLC 
monitoring). The residue was chromatographed on silicagei using hexane and 
hexanexther 9: 1 , respectively, as eluent, to give the title compound (13) (12.54 g, 
91.4%) as an oil. 

E-Tributvltin-4.4-trimethv1ene-3-trimethvl5ilvloxv -l-octene(14) 
To the mixture of E-tributyltin-4,4-trimethylene-l-octene-3-ol (13) (7 g. 15.3 mmol) 
in DMF (100 ml) was added imidazole (2.1 g, 30.6 mmol) and trimethylsilyl chloride 
(2.5 g, 23.0 mmol). The reaction mixture was stirred at room temperature for 1 h 
(TLC monitoring). The mixture was partitioned between water (200 ml) and ether 
(200 ml). The organic phase was dried and evaporated in vacuo. The residue was 
chromatographed on silica gel using hexane as eluent to give 14 (5.53 g). 

1 1.15-bis Trimethvlsilvloxv-16.16-trimethvlene-5.6-didehvdro-PGE 7 methvl ester (17) 
A dry 100-ml three-necked flask was charged with cupper(I)cyanide (928 mg. 10.4 
mmol) and a magnetic bar. The flask was capped with a rubber septum and heated 
under vacuum to remove any trace of water, and cooled to 0 °C under N2. Dry THF 
was added and followed by methyl lithium (14 ml, 22.4 mmol of 1.6 mol in diethyl 
ether), via a syringe. The mixnire was stirred at 0 °C for 15 min. during which the 
suspension became clear and homogeneous. A solution of E-tributyltin-4,4- 
trimethylene-3-trimethylsilyloxy-l-octene (14) (5.9 g, 1 1.2 mmol) in THF (10 ml) was 
added, via a syringe, at 0 °C and stirred at room temperature for 30 min. To the 
resulting solution a solution of 4-(t-butyldimethylsilyloxy)-cyclopenienone (15) (1.7 g, 
8 mmol) in THF (6 ml), trimethylsilyl chloride (4.35 g. 40 mmol) and triethylamine 
(8.1 g, 80 mmol) was added, at -70 °C, successively and stirred at -70 "C for another 
15 min, then for 15 min at 0 "C. The mixture was partitioned between hexane (600 
ml) and water (300 ml). The organic layer was separated, dried over sodium sulfate, 
filtered and concentrated in vacuo to give the crude silyl enol ether as a clear oil. To 
the stirred solution of the silyl enol ether in THF (50 ml), under N2, at -30 °C methyl 
lithium (7.7 ml, 12.3 mmol of 1.6 mol in diethyl ether) was added and stirred for 30 
min followed by addition of a freshly prepared methyl- 1 -triflate-2-hexynoate (16) 
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(Erhardt. P.W., et al. 1987; Caldwell A. G.. et al. 1979) and stirred at -40 °C for 5 
min. The resulting solution was quenched with saturated aqueous ammonium chloride 
solution (30 ml) and extracted with ether (3x 100 ml), dried on sodium sulfate, filtered 
and concentrated in vacuo. The residue was chromatographed on silica gel using 
hexane : ethyl acetate (1:1) as eluent, to give a clear oil of a mixture of 15RS isomers 
(2.71 g. 57.3%) Rj= 0.36 (Si02. ether : hexane 1:1). 1h NMR CDCI3) d 0.2 (dm. 
12H), 0.8-0.9 (ms, 18H), 1.8 (m. 2H), 2.3 (m, 4H). 3.7 (s. 3H), 3.9-4.1 (dm, 2H), 5.5- 
5.6 (2H). The 'H NMR was also performed on the desilylated analogue, 16,16- 
trimethyIehe-5,6-didehydro-PGE2 methyl ester. NMR (CDCI3) d 0.9 (t, 3H), 1.2- 

I. 3 (m, 3H). 1.9-2.1 (m, 4H). 3.7 (s, 3H), 4.1 (m, 2H), 5.6-5.9 (dm, 2H). 

I I. 15-bis Trimethvlsilvloxv-16.16-trimethvlene-PGE2 methyl ester 

To a stirred solution of 1 1,15-bis trimethyIsilyloxy-16,16-trimethyIene-5,6-didehydro- 
PGE2 methyl ester (17) (500 mg, 0.8 mmol), in benzene : cyclohexane 1 ; 1 (50 ml) 
was added Pd-BaSO^ (250 mg) and quinoline (250 mg) and stirred at -40 °C under H2 
atmosphere for 5 h (TLC monitoring). The reaction mixture was diluted with ether 
and filtered through celite, and concentrated in vacuum. The residue was 
chromatographed on silica gel using hexane : ethyl acetate 9: 1 to give 442 mg of the 
corresponding product. 

16.16-Trimethvlene-PGE? methvl ester (61 

To the solution of 1 1,15-bis trimethylsilyloxy-16,16-trimethylene-PGE2 methyl ester 
(374 mg, 0.589 mmol) in THF ( 1 8 ml) was added HF 40% (3.5 ml) in THF (1 ml) at 0 
°C. The reaction mixture was stirred for 5 h (TLC monitoring) and then poured into a 
mixture of sodium hydrogen carbonate 5% (30 ml) and ethyl acetate (50 ml). The 
organic layer was separated and the aqueous layer was washed with ethyl acetate 
(2x30 ml). The organic layers were pooled and dried, on sodium sulfate, and 
concentrated in vacuo. The residue was chromatographed on silica gel using hexane : 
ethyl acetate 1:1, and ethyl acetate successively to give 6 (75 mg, 31%), as an oil. 
iH NMR (CDCI3) d 0.9 (t, 3H), 1.3 (t, 6H), 2.0-2.6 (mm. 9H). (dm, 5H), 3.6 (s, 3H). 
4.1 (m, 2H), 5.4 (m. 2H), 5.6-5.8 (dm, 2H); '^C NMR (CDCI3) d 14.222, 14.9. 23.7, 
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24.7, 25.2. 26.2, 26.5, 26.6, 26.8, 29.7. 33.4, 36.5, 44.9. 46.0, 51.6. 54.0, 54.6, 71.9, 
76.7,77.06,77.1.77.38. 126.5. 126.9. 127.7. 130.9, 132.5, 132.9, 133.36. 133.46, 
174.15,214.32. 



Example 7 : Synthesis of 13,14-dihydro-17-(3-fluorophenyl)-18.19,20-trinor PGE2 
isopropyl ester (compound 7) 

The synthesis of the title compound is schematically shown in Scheme 3. Bold figures 
refer to respective structures in Scheme 3. 

Dimethvl-(2-oxo-4-(3-fluorophenvibutvl) phosphonate 

To a stirred suspension of sodium hydride (4. 17 g, 138 mmol) previously washed with 
n-pentane, in dry THF (250 ml) at room temperature was added dropwise a solution of 
dimelhyl-2-oxo-propylphosphonate (23.12 g, 132.3 mmol) in THF (1 10 ml). The 
reaction mixture was stirred for 2 h, then cooled in an ice bath and treated with a 
solution of n-BuLi (10.2 g, 158.7 mmol) in hexane, causing a dark brown solution to 
be formed. Stirring was continued for 2 h at 0 "C, followed by dropwise addition of 3- 
fluorobenzyl bromide (25 g, 132.3 mmol) in THF (50 ml). The reaction mixture was 
gradually warmed to room temperature and after 3 h (TLC monitoring), it was 
quenched with 10% HCl (20 ml). The mixture was poured into ice-water (200 ml), 
extracted with CHCI3 (2x150 ml), the organic layers were collected, washed with 
brine (150 ml), chromatographed on silica gel using CH2CI2 and EtOAc successively 
as eluent. furnishing 19.5 g of a slightly yellow oil. Rf= 0.37 (silica gel. 
EtOAc: acetone 1:1) 

( 1 S.5R.6R.7R)-6-Formvl-7-(4-phenvl benzovloxv)-2-oxabicvclof f3.3.01octane-3-one 
19 

To a solution of the alcohol 18 (19.0 g, 53.9 mmol) in DME (100 ml), cooled to 18 
°C, was added dicyclohexylcarbodiimide (DCC) (33.3, 161.8 mmol), DMSO (38.2 
ml) and phosphoric acid (1.43 ml, 21.28 mmol). The temperature of the reaction 
mixture was kept below 25 °C for 30 min. The reaction mixture was stirred at room 
temperature for additional 2 hours (TLC monitoring), and the precipitate was removed 
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by filtration and washed with ether (2x50 ml). The combined organic layer was 
washed with water (50 ml) and brine (2x50 ml), the aqueous solution was extracted 
with ether (100 ml), the organic layers were collected and dried over sodium sulfate, 
filtered, and used directly for the next step. TLC Rf = 0.37 (silica gel, EtOAc:toluene 
2:1). 

( 1 S.5R.6R.7R)-6- f 3-Oxo-5-f3-fluoroDhenv] V 1 -E-oentenvl l-7-r4-phenvl benznvlnxy)- 
2-oxabicvclol3.3.01octane-3-one (20) 

To a stirred suspension of NaH (1.9 g, 65.1 mmol), prewashed with n-pentane, in 
DME (130 ml) under nitrogen, was added dropwise di methyl -2-oxo-4-(3- 
fluorophenyl) butylphosphonate (Wadsworth, Jr., W. S., et al. 1961) (19.3 g, 70.5 
mmol), in DME (100 ml) and stirred vigorously for 1 h at room temperature. The 
mixture vvas then cooled to -10 "C and a solution of the crude aldehyde 19 was added 
dropwise. After 30 min. at 0 °C and 2 h at room temperature (TLC monitoring), the 
reaction mixture was neutralized with acetic acid, the solvent was removed in vacuo 
and the residue was dissolved in EtOAc (200 ml), and washed with water (50 ml) and 
brine (50 ml). The organic layer was dried over anhydrous sodium sulfate, filtered and 
evaporated in vacuo. The residue was stirred with ether (100 ml), the resulting white 
precipitate was filtered and washed with cold ether, giving a white crystalline 
substance yield (17 g, 58.5%) Rj= 0.56 (silica gel, ethyl acetate : toluene 2:1) 



( 1 S.5R.6R.7RV6-(3S-3-Hvdroxv-5-f 3-fluorophenvn- 1 -nentenvl V7-('4-Dhenvl 
benzovloxv)-2-oxabicvclor3.3.01octane-3-onef21) 

To a stirred solution of the enone 20 (17.1 g. 34.3 mmol) in THF (20 ml) and cerium 
chloride (CeCl3.7 H2O) (3.8g, 10.3 mmol) in THF:ether 1 :2 (60 ml) cooled to -20 °C 
under nitrogen was added sodium borohydride (0.8 g, 20.57 mmol) in small portions. 
The reaction mixture was stirred for 2 h (TLC monitoring). The temperature was 
raised to ±0 °C, then quenched by adding water (20 ml) and an aqueous solution of 
10% HCl to pH 4 and extracted with EtOAc (50 ml). The organic layer was separated 
and washed with brine, dried on anhydrous sodium sulfate, concentrated in vacuo and 
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chromatographed twice on silica gel using toluene:EtOAc 2:1 and 1 :1 successively as 
eluent, furnishing 4 (5 g) as a white crystalline product Rf= 0.32 (silica gel, 
EtOAcrtoluene 2:1. 

( 1 S .eR.TR V6- ( 3R-3-Hvdroxv-5-(3-nuoroT3henvn- 1 -pentvl \ -7-f4-phenvl 
hp.n7.nvloxv )-2-oxabicvclor3.3.01octane-3-one (22) 

To a suspension of 10% Pd/C (0.1 g) in sodium nitrite (3.6 ml, 1.8 mmol) and ethanol 
(15 ml) was added a solution of 21 (3 g, 6.0 mmol) in ethanol (6.0 ml). The mixture 
was stirred under hydrogen atmosphere for 6 h (TLC monitoring), and quenched with 
IM solution of HCl. The catalyst was removed by filtration through a celite pad, 
washed with ethanol abs. (15 ml). The solvent was removed in vacuo. The resulting 
oil was dissolved in EtOAc (100 ml), and washed with brine 15% (30 ml). The water 
phase was washed with EtOAc (40 ml). The combined organic extracts were dried 
over sodium sulfate and filtered. The solvent was removed in vacuo. The residue was 
chromatographed on silica gel using EtOAc as eluent, which gave 5 (2.94 g), Rf= 
0.25 (silica gel, EtOAc). 

(iy;, 5R.6R.7R)-6-(3R-3-Hvdrnxv-5-(3-nuo rophenvn-l-pentvn-7-R-hvdroxy-2- 
nxahicvclof3/^01octane- 3-one (23) 

To a solution of the lactone 22 (2.8 g. 5.65 mmol) in methanol (15 ml) was added 
potassium carbonate (0.47 g, 3.3 mmol) and the mixture was stirred at ambient 
temperature for 6 h (TLC monitoring). The mixture was neutralised with 10% 
aqueous solution of HCl and extracted with EtOAc (2x30 ml). The organic phase was 
dried on anhydrous sodium sulfate and evaporated to dryness. The crude product was 
chromatographed on silica gel using EtOAc:acetone 1 : 1 as eluent. The title compound 
23 was obtained as a white crystalline product; yield 1.6 g, Rf= 0.17 (silica gel, 
EtOAc); iH NMR (CDCI3) d 1.2-1.4 (m, IH), 1.54 (m.3H), 1.8 (m, 3H), 2.1 (m, IH), 
2.2 (m, IH), 2.3 (m, IH), 2.6 (m, 2H), 2.67 (m, IH), 2.8 (m, 2H), 3.60 (m, 
CH2CHQHCH2). 4.0 (m, CHOH) 4.92 (m, CHOC=0), 6.8-7.0 (m, 3H), 7.28 (m, IH). 

(IS , 5R.6R.7R)-6-) 3R-3-t-butvl dimethvlsilvloxv-5-(3-fluorophenvl)-l -pentvl 1-7-R-t- 
biit yl riimethvlsilvloxv-2-oxabicvclof3.3.01octane-3-one (24) 
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..Butyldimetyhylsily. chloride (2.3 g. 14.9 .nmol) »as added in one por„on >o a 
.o.o.io„ of the dW 23. u«.hy. amine (2.1 ml. H.8 m,ncl) and 4.dime>hylami„o 
pyridine (0.06 e, 0.1 n,mo.) in diehlo,„n,e,hane (20 ml) »i.l- vigorous s«ng ac room 
cemperamre for 24 h, and ,hc reaction mixmre was concemrared in vacuo, m crude 
„„duc,wasdissolvedine.hylace,a,e(50ml,.washcdwi.l,wa.r(20m.)a„d5% 

Lous solurion of sodiumhydrogen carbonate (20 ml). ^ organic phase was drred 
„„ sodium sulfate, filtered and concentrated in vacuo. H-e residue was 
chromatographed on silica gel using dichloromethane as eluent to give 3 g of the 
product as oil. Rj= 0.68 (silica gel. ether) 

USjR,6RJRi6J2RJ±Wyl^^ 
Mlllii"' .),-,l---fl-- V-^-"v"^'-^vclol3.3.01ortane-3-ol (25) 
Asolutionof diisobutylal»miniumhydride(DBAL)(l.l g.7.43mmol) indry 
toluene (5.3 m) was added dropwise to a stirred solution of the lactone 24 (2.7 g. 4.95 
™,ol, in dry TW (30 ml) at .72/-80 -C. Mter 1 h (TLC monitoring), the reaction 
™„„,e was quenched with methanol (5 ml) and was wamted to r^m '""P-^- 
added water (50 ml), 10% a,ueous solution o, HCl (50 ml), extracted w„h EtOAc 
ml). The organic layer was dried with sodium sulfate, filtered, the solvent was 
,emoved in vacuo, and the residue wa.s chromatographed on silica gel using EtOAc 
and EtOAc:acetone 1:1, respectively, as eluent, to give a yellow oil product (2.7 g). Rf 
= 0.85 (silica gel. ethyl acetate 1:1). 

^s"!^d suspension of 4-carboxybutyl triphenyl phosphonium bromide (8.78 g. 
19 82 tnmol) in THF (50 ml) under nurogen at 0-5 X v^as added potassium 
t-butoxide (3.89 g, 34.6 mmol). and the mixture stirred for 30 min. at room 
'temperature. Tothe resultant red orangesolution of ylideat-15/-10"C was added the 

lactol 25 (2 7 g. 4.95 mmol) in THF (10 ml), and the mixture was stirred for 3-4 h 
,rLC monitoring). The reaction mixture was diluted with water (30 ml) and washed 
with ether (4x40 ml). The water layer was acidiHed with 5% aqueous solution of cunc 
acid to pH 4 and extracted with EtOAc (2x50 ml). The organic phase was washed 
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£GF2 n ISOPrODvl esfp.r ( 97] ' 

washed wiUibrme (30 ml), citric add 3% ,2x25 „,h ^ ""'"'I)' 
5% f2x25 „,n . ^ ^ ■/ » <2»25 ml) and sodmm hyd^gcn carbo„a« 

lad r ^"'""^ '"'•^ - — ^" 

..2a.e,„c„,.Th.afforaedac„,„„,cssoi,,,Md,.7g.., = o.43(,„c,,e,,e*cr. 

P=.rc,c„mc,herl.2) .„NMR,CDa3)dO.,(m.9H),0.9,m.,6H), ,.2(m 9H) ' 

U-,.8(mm..0H,,2.,2(m.2H),2,22-2.33(m.2H,.2.6-2.9(dm.2H) SSslm ' 
CH2QO,C„2),3.9.,m.C„2aiQffi,..,,,„,cH„,,„,i^,"J;;3^ 

(m, db). 3.47 (m, db), 6.8-7.0 (dm, Ar. 3H). 7.2 (m. Ar, IH). 

PGE. isonrnp yl ester ( 7,K) ' """^ 

Pyridinium dichlorochromate (2.43 c 1 1 25 mm«i^ i • 
. . ^ . ^ ^' ' '-25 '""'ol) on aluminum oxide (20 g) was 

™l) and , be m,x.u,c sU.ed a, ™m ,em^™„„ (t^c monUoHns), r,„„ed .!d 
..cprec,p,.a,ewa.„.bedw,,be.bc.c,.,.c,,,c2:KTb=.oWe„,!t„J: 
..u„. T.e „sid„. was di.u.ed wl,b .,.„(,» m,) ,„d washed „i», (30 m,, 
% .,ueo„s so,„„„„ Of (3x20m„, *c organic phase wasscp Jd and 

ncd ovc,sodi„ms„„a.e, and cvap„ra,edi„ vacuo ,„ give 28(,.3,) as an oi, « 
0.72 (silica gel, elhyl acetate). 8). as an o,l. 



Copied from ()9(i2fi()99 on ()7/2(!/2(M) 



wo .99/021 65 



23 



PCT/SE98/01368 



Hydrogen fluoride 15% (12 ml) was added to a solution of 28 (314 mg) in acetonitrile. 
The mixture was stirred at room temperature for 4 h (TLC monitoring). The reaction 
mixture was diluted with ethyl acetate (1(X) ml) and washed with water (3x20 ml), 
dried and evaporated in vacuo. The residue was chromatographed on silica gel using 
ethyl acetate as eluent, which gave 7 (64 mg) as an oil, 0.43 (silica gel, ethyl 
acetate). NMR (CDCI3) d 1.2 (d, 6H), 1.6-1.8 (m. 6H). 1.8 (m. 2H), 2.12 (m, 2H), 
2.2-2.3 (m, 2H). 2.6-2.8 (dm, 2H), 3.6 (m, CH ?CH0H CH9). 4.16 (m, CH oCHOHV 
5.0 (sept. IH), 5.38 (m, db), 5.47 (m, db). 6.8-7.0 (dm, Ar, 3H), 7.2 (m. Ar. IH). 



Pharmacology 



Intraocular pressure reducing effect of he test compounds in cats and monkeys. 
The compounds were tested for intraocular pressure reducing effect in animal models. 
The intraocular pressure was measured with a calibrated pneumotonometer. European 
domestic cats and cynomolgus monkeys were used as experimental animals. The 
cornea was anaesthetized with oxibuprocain before the measurement. The reductions 
in intraocular pressure after topical treatment with the PGF2P isopropyl ester (2), 17- 
phenyl-18,19,20-trinor-PGE2-isopropyl ester (4), 15RS-16,16-trimethylenc-methyl 
ester (6) and 13.14-dihydro-17-(3-fluorophenyl)-18,19,20-trinor-PGE2-isopropyl ester 
(7) are demonstrated in Tables IV and V. 
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Table IV. Intraocular pressure reducing effect of 1-10 jig of the test compounds, with 
.effect on the EPi prostanoid receptor, in cats. The control eye received the vehicle 
only. (n= 5-6; Mean±SEM). 



Prostaglandin/ 
Eye 



Baseline pressure Pressure 3 h after treatment 
(mmHg) (nunHg) 



Experimental eye 
Control eye 



24.2 ±2.3 
24.5 ±2.7 



15.1 ±2.8 ' 
22.5 ± 3.4 



Experimental eye 
Control eye 



22.0 ± 1.7 
21.5 ± 1.7 



14.2 ± 1.7 ■ 
18.7+1.9 



Experimental eye 
Control eye 



19.2 ±1.7 

19.3 ±1.7 



9.5 ±0.5 * 
17.0 ±1.3 



Experimental eye 
Control eye 



20.4 ±-2.0 
20.6 ±-1.8 



14.2 ±0.9 * 
18.4 ± 1.5 



* p<0.01 (matched pair t-test between eyes) 
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TableV. Intraocular pressure reducing effect of the test compounds, with effect on the 
EPi receptor, in monkeys. The dose of PGF2p-isopropyl ester was 30 \ig, while that of 
17-phenyl-18,19,20-trinor-PGE2-isopropyl ester, and 15RS-16,16-trimethylene-PGE2- 
isopropyl ester was 3 ^g. The control eye received the vehicle only (n=6; 
Mean±SEM). 



Prostaglandin/ 
Eye 



Baseline pressure 
(mmHg) 



Pressure 4 h after treatment 
(mmHg) 



Experimental eye 
Control eye 



17.8 ±1.4 

16.9 ±1.2 



14.1 ± 1.8 * 
17.5 ±2.0 



Experimental eye 
Control eye 



14.1 ±1.1 
13.9 ±1.0 



9.9 ±0.9 * 
11.5 ±0.8 



Experimental eye 
Control eye 



20.9 ± 1.6 
21.3 ±1.5 



15.3 ±2.4 ' 
19.0 ± 1.5 



' p<0.05 (match paired t-test between the eyes) 



It can be seen that both in cats and monkeys all the prostaglandin analogues with 
preference for the EP, receptor significantly reduced the intraocular pressure. 

Accordingly, the present invention discloses that compounds with selective 
stimulatory effect on EPi receptors reduce the intraocular pressure, and that such 
compounds cannot have any melanogenic effect, or at least have significantly reduced 
effect in the eye since the pigment producing cells, the melanocytes, lack the EP, 
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receptor in man. Thus, the common side-effect of increased iridial pigmentation can 
be avoided during chronic therapy with prostaglandins selective for EPi receptors. 



Scheme 1 
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Scheme 2 




Reagents 

a. N-isopropylcyclohexyl amine / THF. n-BuLi, ethylcyclobulanecarboxylate/ DMSO 

b. DIBAL-H, / toluene 

c. DCC/ DME. DMSO. H3P04. 

d. Lithium-acetylide-ethylene diamine, DMSO 

e. tributyltin hydride. AIBN 

f. Trimethylsllyl chloride (TMSCI), imidazole/ DMF 

g. Li2CuCN(CH3)2. TMSCI, trielhylamlne, 4-t-bu1yl-dimethylsilyloxy-2-cyclopentenone, 

1-tributyltln-4,4,-trimethylene-3-trimethylsllyloxy-1-octene, niethyl-2-yn-8-cctanoate 

h. Pd-BaS04. quinoline, 

i. HF/THF 
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Scheme 3 



ie 19 20 

25 26 

Reagents 

a. DCC, DMSO, H2S04, DME. H3P04 

b. NaH, diniethyl-2-oxo-4-(3-fluorophenyl)-butylphosphonate 

c. NaBH4. CeCI3.7H20rrHF 

d. Pd/C. NaNOZ/THF 

e. K2C03/Methanol 

I.TBDMS, TEA. 4-diniethylamino pyridine/dichloromethane 

g. DIBAL-H/THF 

h. 4.carboxybulyl triphenyl phosphonium bromide 
potassium l-butoxide, THF 

I.DBU, isopropyl iodide/ acetone 

j.pyridinium chlorochromate, aluminium oxide/ dicl^ioromethane 
l«.HF/acetonitrile 
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CLAIMS 



1 . A composition for the treatment of glaucoma and ocular hypertension comprising 
a therapeutically active and physiologically acceptable amount of a prostaglandin 
analogue which is a selective agonist for EP| prostanoid receptors, or a 
pharmaceutically acceptable salt or ester thereof. 

2. The composition according to claim 1 , wherein the prostaglandin analogue is 
derived from PGF or PGE type prostaglandins. 

3. The composition according to claim I or 2, wherein the prostaglandin analogue is 
a compound of the general formula: 



the wavy bonds represent the a or P configuration, and the dashed bonds 
represent a single bond, a triple bond or a double bond in the cis or trans 
configuration; 

R is hydrogen, saturated or unsaturated alkyl, preferably Cmo alkyl, cycloalkyl, 
preferably C3-8 cycloalkyl, aryl. arylalkyl, preferably aryl-Cj-s alkyl, or heteroaryl; 

Rl is a saturated or unsaturated alkyl group having 2-5 carbon atoms, optionally 
interrupted by a heteroatoms selected from oxygen, sulfur and nitrogen, cycloalkyl, 
preferably C3.7 cycloalkyl, cycloalkenyl, preferably C3.7 cycloalkenyl, aryl or 
heteroaryl; 

Xis C-OHor C=0; 

R2 is hydrogen, hydroxy, methyl, ethyl, methoxy or 0C0R4, where R4 is a 
straight or branched chain saturated or unsaturated alkyl group, preferably Cmo alkyl, 
especially C|.6 alkyl, or a cycloalkyl, preferably C3.8 cycloalkyl, or aryl group; 




,COOR 



R2 



wherein: 
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R3 is a straight or branched chain saturated or unsaturated alkyl group, 
preferably having 3-8 carbon atoms, especially 3-5 carbon atoms, optionally 
interrupted by one or more heteroatoms selected from oxygen, sulfur and nitrogen, 
each carbon atom optionally being substituted with a substituent selected from C1.5 
alkyl, hydroxy and carbonyl groups, hydroxy and carbonyl preferentially being 
attached to carbon 15 of the prostaglandin structure, and said alkyl group optionally 
containing a cycloalkyl, preferably Cj-g cycloalkyl, aryl or heteroaryl group, which 
may be mono- or independently multi-substituted with C1.3 alkyl, C1.3 alkoxy, 
hydroxy, nitro, trifluoromethyl or halogen; 
or a pharmaceutically acceptable salt or ester thereof. 

4. The composition according to claim 1, 2 or 3, wherein the prostaglandin analogue 
is 15(R,S)-16,16-trimethylene-PGE2 or an alkyl ester thereof. 

5. The composition according to claim 1, 2 or 3 wherein the prostaglandin analogue 
is 13,14-dihydro-17-(3-fluorophenyl)-18,19,20-trinor-PGE2 or an alkyl ester 
thereof. 

6. A method of treating glaucoma or ocular hypertension in a subject's eye, which 
method comprises contacting the surface of the eye with an effective intraocular 
pressure reducing amount of a therapeutically active and physiologically 
acceptable prostaglandin analogue which is a selective agonist for EPi prostanoid 
receptors, or a pharmaceutically acceptable salt or ester thereof. 

7. The method according to claim 6, wherein the prostaglandin analogue is derived 
from PGF or PGE prostaglandins. 

8. The method according to claim 6 or 7, wherein the prostaglandin analogue is a 
compound of the general formula: 
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wherein: 

the wavy bonds represent the a or P configuration, and the dashed bonds 
represent a single bond, a triple bond or a double bond in the cis or trans 
configuration; 

R is hydrogen, saturated or unsaturated alkyl, preferably Ci-io alkyl, cycloalkyl, 
preferably C3.8 cycloalkyl, aryl, arylalkyl, preferably aryl-Ca-s alkyl, or heteroaryl; 

Rl is a saturated or unsaturated alkyl group having 2-5 carbon atoms, optionally 
interrupted by a heteroatoms selected from oxygen, sulfur and nitrogen, cycloalkyl, 
preferably C3.7 cycloalkyl, cycloalkenyl, preferably C3.7 cycloalkenyl, aryl or 
heteroaryl; 

Xis C-OHor C=0; 

R2 is hydrogen, hydroxy, methyl, ethyl, methoxy or OCOR4. where R4 is a 
straight or branched chain saturated or unsaturated alkyl group, preferably C|.io alkyl, 
especially C|.6 alkyl, or a cycloalkyl, preferably C3.8 cycloalkyl, or aryl group; 

R3 is a straight or branched chain saturated or unsaturated alkyl group, 
preferably having 3-8 carbon atoms, especially 3-5 carbon atoms, optionally 
interrupted by one or more heteroatoms selected from oxygen, sulfur and nitrogen, 
each carbon atom optionally being substituted with a substituent selected from Ci.j 
alkyl, hydroxy and carbonyl groups, hydroxy and carbonyl preferentially being 
attached to carbon 15 of the prostaglandin structure, and said alkyl group optionally 
containing a cycloalkyl, preferably C3.8 cycloalkyl, aryl or heteroaryl group, which 
may be mono- or independently multi-substituted with C1.3 alkyl, C1.3 alkoxy, 
hydroxy, nitro, trifluoromethyl or halogen; 
or a pharmaceutically acceptable salt or ester thereof. 

9. The composition according to claim 6. 7 or 8, wherein the prostaglandin analogue 
is 15(R,S)-l6,16-trimethylene-PGE2 or an alkyl ester thereof. 
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10. The composition according to claim 6, 7 or 8 wherein the prostaglandin analogue 
is 13,14-dihydro-17-(3-fluorophenyl)-18,19,20-trinor-PGE2 or an alkyl ester 
thereof. 

11. The method according to any one of claims 6-10, wherein a therapeutically active 
and physiologically acceptable composition containing said prostaglandin 
analogue is administered topically on the eye 1-3 times daily. 

12. Use of a prostaglandin analogue which is a selective agonist for EPi prostanoid 
receptors as defined in any one of claims 1 to 4 for the preparation of a 
medicament for treatment of glaucoma and ocular hypertension. 
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